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USL  Report  No.  558  (refenmge^ (ja))  diecueees  the  effects  of  eertain 
ship  motions  on  cable  tensions^ln  Iq/stems  for  handling  submerged  bodies. 
This  memorandum  derives  two  equations  for  computing  VDS  towline  tensions 
under  dynamic  conditions.  These  equations  differ  from  that  shown  in  USL 
Report  558. 

DERIVATION  I fl  L'  J ' < 


hydrodynamic  moment  of  inertia  of  ship  about  axis  through  its 
hydrodynamic  center  of  mass  (H.C.M.)  and  perpendicular  to  drawing. 

hydrodynamic  lass  of  ship  in  vertical  direction;  both  I and  Ms 
are  functions  of  ship  fitch. 

hydrodynamic  mass  of  fish  (see  equation (6)  pg.  7 of  Report  No.  558.). 


*/) 

— w*  = 

rJ 


perpendicular  distance  from  towoable  to  H.  C.  M.  (see  diagram), 
angular  velocity  of  ship  before  cable  tensioning. 

angular  velocity  of  ship  after  cable  tensioning. 
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v3a  = vertical  velocity  of  fish  before  cable  tensioning. 


V3a'  = vertical  velocity  of  fish  after  cable  tensioning 


\n 


v = 


vertical  velocity  of  H.  C.  M.  before  cable  tensioning, 
vertical  velocity  of  H.  C.  M.  after  cable  tensioning. 


V3a=v-Wr=  vertical  velocity  of  tovpoint  on  ship  before  cable  tensioning. 
Also  see  glossary  of  terms  in  Report  No.  558. 

sqiqti.w 

Equation  11  of  USL  Report  No.  558  reads: 

AEk  = *V3Y]  - 0) 

where  T is  the  maximum  tension  a tovcable  experiences  in  towing  a VDS 
fish  in  heavy  seas  (small  ship  speeds  assumed). 

The  following  analysis  derives  a more  correct  expression  for  A Efc 
and  T: 

Assuming  that  the  interaction  leading  to  maximum  cable  tension  is 
nearly  instantaneous,  we  may  negleot  friction,  damping,  and  gravitational 
Impulses  and  work  and  say  that  all  kinetic  energy  lost  during  the  fish* 
ship  interaction  is  stored  as  potential  energy  in  the  cable.  Further  we 
shall  assume  that  the  mass  of  the  towcable  is  small  compared  to  the  mass 
of  the  fish  or  ship,  and  that  the  fish  is  a point  mass. 


Conservation  of  momentum: 

Myjz  + : + 


v3z  = V3Z  + Ws(v-V') 

Conservation  of  angular  momentum:  M 

-Mrv3Z  + Iuj  r +lw' 

Substituting  (2)  into  the  above  expression  we  obtain: 
uj‘  - 
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Sinoe  we  have  assumed  that  the  speed  of  the  ship  Is  aero  (see  pg.  3 df 
Report  No.  558): 

4fc'K  r ±(l  tMjv'J  (iu^-e  M \£-b  MsV'7) 

Differentiating  the  above  expression  with  respect  to  V ' , substituting 
the  first  derivatives  of  (2.)  and  (3)  where  specified,  and  setting  the  result 
equal  to  aero  we  obtain: 

- -(Iv'tfe'  + + lAsv')  z Ms(u‘r+v^..v')zO 


Jv7  ' V‘~  ’ ,"'5ZdV 

.»  Y?z  - V'-  w'r 

J AEk 

is  negative  so  is  maximum  when  V^z  =V-u/r 

Combining  (2-),  (3),  and  (6)  we  obtain: 

v, =  (i+Mr^MsV  -t- IMfVsz-m'r) 

r^M+Ms)  + /v^Msr2- 

w. = 

I(M+Ms)  + /M  Ms*"1 


r® 

(7; 
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Substituting  (6),  (7),  and  (8)  iyto  (S')  we  obtain: 

_ _ i M l«v-yjsT 

*W  ‘ iWT  l^'fr 

= potential  energy  stored  in  cable=  f TJJ! 
Assuming  A-  - constant.  -t, 
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DERIVATION  II 

In  the  previous  analysis  ue  neglected  gravitational  and  damping 
forces  in  order  to  apply  the  conservation  of  meBentum  relations.  In 
the  following  analysis  gravitational  and  damping  forces  are  included. 

Terms  and  Notations 


SHIP 

— pi 

y 

1 

g 

g CABLE 

F>SH  [M 

t 

r b 
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W = weight  of  towed  body  in  water 

b = damping  coefficient 

t = time 

t3  = time  when  body  is  recaptured  by  the  towline 

t'  = t - t3 

ki  = 2 TT  f 

y = distance  of  the  fish  from  towpoint  on  ship 

y0  = relaxed  length  of  the  tow cable 

v3s  = velocity  of  towpoint  on  ship  at  time  of  cable  tensioning. 

T = tension  in  the  towcable  =-k  (y-yQ)  where 

k = spring  constant  of  cable  = 

§9M*9n 

In  this  analysis  we  shall  assume  that  the  motion  of  the  ship  is 
defined  by  equation  ( 1 )[XS  - -KjS  inK,T ] of  Report  No.  558  and  therefore 
is  unaffected  by  the  tensioning  of  the  cable.  As  we  shall  show  later, 
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the  time  that  elapses  until  the  tension  is  a maximum  is  very  small;  and 
so  we  shall  consider  the  velocity  of  the  ship  to  be  constant  during  the 
interaction. 


Under  initial  conditions  , 


dy 

Vyz-Vis  «rvl  y = y0 


r w±warcos  25m/EIv  . i*K<vn-y*>+k T&EEtfl  UD 

L K 2m  KV+tfk-L*  ZM  J 

^ Ky«>-bv3g-W 
K 

To  find  the  minimum  value  of  y we  differentiate  the  above,  set  it  equal 
to  zero,  and  find  that  at  7min., 

r ' = V*—  ton1  (M-) 

V4m-bz  Mv3y«v3z)+z-W 

fan-iC^z-Vis>y+n*^ 

where  is  the  smallest  angle  greater  than  zero, 

t*  is  of  the  order  of  ^/Aj  ^ ^ so  our  original  assumption  is  Justified. 


~ -My*,,. 


L J L/  “ — -1 

- (T^lkfVsj-v/j^)  + v/js! Sv3z'/j>  vVa/*J 


+-Va/j 

U/  + bVjS 

US') 

In  oases  where  |N£z-\4«j  1»  not  small  (i.e.,  in  cases  Involving  large 
tensions)  >> 

K(^3 Z“4ft)* 


ft****,'*  a * V J* 
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which  is  nearly  the  sane  as  equation  (11). 

CCM4ENTS 

Comparisons  with  experimental  data,  such  as  those  shown  in  reference 
(b),  indicate  that  equations  (11)  and  (16)  agree  more  nearly  with  the 
experimental  data  than  does  equation  (1). 

For  example: 

From  equation  ( 1 ) , 

T = 79,000  lbs. 

From  equation  (11),  and  assuming  that  = O T = 36,200  lbs. 

From  equation  (16),  T = 38,590  lbs. 

T = 

The  experimentally  measured  value  is  30,000  lbs.  If  Ms>  r and  I 
were  known,  the  tension  computed  from  equation  (11)  would  be  reduced  and 
approach  the  value  of  30,000  lbs. 

CONCLUSIONS 


Two  analyses  have  been  presented  in  this  memorandum  to  represent  the 
two  probable  extremes  of  an  exact  fish-ship  mathematical  model  subjected 
to  dynamic  conditions. 


The  first  analysis  neglects  gravitational  and  damping  forces;  as 
a oonsequence,  the  tension  it  predicts  will  ’ , lower  than  the  actual 
tension.  Because  it  is  based  on  the  assumption  that  the  interaction  is 
nearly  instantaneous,  it  is  not  accurate  when  ia  small. 


The  second  analysis  neglects  the  effeots  of  ship  mass;  thus,  it 
predicts  a higher  than  actual  tension. 

In  cases  where  is  not  small  the  two  approaches  give 

approximately  the  same  tension. 


Either  equation  (11)or  (16)  should  be  used  in  place  of  equations 
(11)  and  (11A)  in  USL  Report  No.  558..*  ^ g 
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